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(54) Method and apparatus for rendering characters 

(57) A method for creating ami-aliased characters 
on a computer output device includes the steps of gen- 
erating a call from a client process for a character to be 
rendered, rendering the character at a high resolution 
and aligning stems of the character with a coarse grid 
corresponding to the resolution of an output device The 
step of aligning the high resolution rendered stems to 
the coarse grid provides for an anti-aliased output with 
balanced stems. A method tor rendering a character 
includes the steps of determining a device resolution 
and a number of greyscales to be displayed by a digital 
output device, determining a coarse grid and a high-res- 
olution grid, developing character information concern- 
ing a character to be rendered, creating an initial bitmap 
of the character from the character information at the 
resolution of the high-resolution grid, and aligning stems 
of the initial bitmap with the coarse grid to create a 
coarse grid aligned high-resolution bitmap. 
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L' '° n relates 9 eneral| y to computer sys- 
Stf^ Particularly to the rendering of charac- 
ters to be displayed on computer output devices. 

Background 

Computer systems typically include some form of 
visual output device. For example, in Fig. i. a prior an 
computer system to includes a computer 12. a key- 
Board 1 4. a disk storage unit 16. a video display 18 and 
aprinter 20. Of course, a computer system can include 
more or less components than that illustrated in compu- 

Z S £T 1 °' 36 Wi " be sedated by those stalled in 
the art of computer design. 

(CP ^22°;^ 12 inC,Ud6S 8 C6ntral P«««sing unit 
™ ,L«*. ° nly mem0ry (ROM) 24. random access 
memory (RAM) 26. and input/output (I/O) 28. The^ari- 

♦°rj?T nentS 22-28 of the ^mputer 12 are coupled 
together for communication by a bus system 30. As will 

t^nTT** * th ° Se Skilled in *e ^. *e represen- 
tefcon of the computer 12 has been highly simplified for 
tt* purposes of this discussion, but includes the funda- 

rT^ns ^ " 3 00 mpul>r 3nd interco "- 

vkJJSSf 8 38 k8yboa,d 14 - 058,5 storage 16, 

tSv^ d6V,CeS - When c^P'ed to the computer 12 
they become part of the computer system 10 Some 

for outn^Zf !L1 2, 0<her PeriDheral d ** ces ara ^ed 
tor outputting information from the computer 12 and 

TrZlZT"*?'^ 5 afe "** fo^oth input** 
and outputting information 

outou^^? ay K 18 ^ ^ 20 are common 
^SL^t thB com P uter 12- Such output 
fcc^S J™ ,emporary or P^^nent images 
toconvey informat.on to the user of the computer sys- 

sTeen tS TTl ** ^ ***** 18 ^ -^fa 
SeTofflT ^ Ch3raCter ' 8^cal. and other 
types of , mages. Similarly, printer 20 can print (ie 

svstf^n tyP6S 01 Visual outout d ^ces for computer 
systems 10 are capable of outputting j n -gr ey sca, e - 

^SS^^T 8aCh ° f ,he Pixe,s "theater 
matrix of the output device is capable of displavina a 

vteoTS^nT 1C S ,r0me and ^ ^ displays. 
£*art^Z J ,nd hi9h ' end ^unus-tone 
aack and white and color printers are capable of dis- 

some Lrn H'S" ^ of output devices suTas 
^greyS ayS - -^notcapab.eof display- 

A number of problems present themselves when 



decaying characters on a computer outout device. It 
should be noted, as used herein, that the term "charac- 
£.. B !L n0t to a| P hanum eric characters, but 

eludes any form of character, number, symbol or 

5 TJT* **" ^ « 456 ^esentedTdi 
SStTh C °™ ef 0utput Some of these 

problems have to do with the resolution of the output 
device, and other problems have to do with humanTs 
ual percepton. By "resolution-, as it is used herein 
,0 refers to the size of individual pixels of a 

ESTScT * e between •» pi * e,s « *° 

h« J!! pr0D,ems inherent »» character imaging tend to 
15 Pr °2° UnCed *» sma » characters trjfn for ,argS 

* a 7f ere -^ is because small characters are mie 
£, m^T P ' XelS and " ,h6relw * a distor «on of a 
ten? T**^ mT "« Sma,,er characters 
Some of the distortions that may occur, particularly in 
^ese smaller characters, is unbalanced "stem" weights 

Sum^ meC,, , 0n 01 tWn features ' ctosinTo 
irTSna 'J"* " mn9 - and to inaccurate 4>ht- 
2»2T-?J^! n0tceab(e of ^ese defects is 

S^h 6 :* ^ Vertical ^ horizontal 
» characters may be of varying widths due to 

^ ^1 the character rendering proc- 

essj^nother very noticeable defect is the inaccurate 
we.ght.ng effect of small characters due to a <55£ 

E^SfaE ^ WOrdS - ■"*» a (the W 
turn ) to a character stem that is only a few pixels wide 

30 ™ dlstort *e "weight" given to that dKS * H 

InFig. 2A, the prior art problem of unbalanced stem 

32 r 1 SUDan ° Vef 9 hi 9h-resolut,on grid 
11 SJ,^ form 34 - a bitmap- form!? 

• " 18 meant ^ a one-toone mapping is 

ter 12 and an mage of the character to be displayed i e 
^P'f <* the outout dev«e conesporxTto a brt ^ 
^tormaton stored in the computer. The outline 34 fe 
J^ca^provided by a parsed font program sucTa! 
fr^S. ,n e Ad ° beTyPe ,format - version l.t. a^Sb? 
«5 ^ n ^ e J^ temsJnc - 01 fountain View. California 
°« en ^ er ^toasthe-S/ac*Soo/c-duetothecolor5 

?er*"^?ST* er OUUine 34 is converted or "ren- 
d r ^f ,nto the M ™*> 36 by a rendering program or 

5 " at J H Sh0 l^ en0tedinFia - 2Atriattne 'otter -m- has 
already picked up some distortions by being converted 

from rtsfont outline 34,o the bitmap 36 InpanST tS 

ZSZS? T or " S,ems " 01 me ,etter ara - ^ 

right stem 38c is two pixels wide. 

It should be noted that while characters are often 
rendered on a high-resolution grid as illustrated in Fig. 
2A. they must be converted into a "coarse grid" repre- 
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sentation before they can be displayed on the output 
device. The resolution of the coarse grid corresponds to 
the resolution of the oulput device. 

In Fig. 2B. the conversion from a high-resolution 
gnd to a coarse grid permits the renderer to re-balance 
the stems. More particularly, the system uses "hints- 
provided by the parsed font program to stretch and then 
align the stems of the character to the coarse grid As 
noted, in Fig. 2B. the stems 40a. 40b. and 40c are all the 
same width and. therefore, the unbalanced stem prob- 
lem has been solved for black-and-white types of oulput 
devices. 

While the prior art has solved the problem of unbal- 
anced stem widths tor black and white output devices, 
the problem has re-emerged for greyscale oulput 
devices. This is because greyscale oulput devices use a 
technique known as "anti-aliasing- in order to provide 
he illusion of smoother curves and less jagged diagonal 
lines. This is accomplished by varying the greyscale val- 
ues of coarse grid. However, this greyscale manipula- 
tion re-introduces the problem of unbalanced stem 
widths to ami-aliased characters. 

In Fig. 2C, the lower case letter "m" is shown 
against a coarse grid 42 and corresponding high-resolu- 
tion grid 44. The high-resolution grid 44 is shown in only 
one of the cells of the coarse grid 42 so as not to con- 
fuse the drawings, although ft will be appreciated that 
the high-resolution grid 44 is associated with all the cells 
of the coarse grid 42. The coarse grid and the high-res- 
olution grid are related as follows. If the output device 
has 2 +1 greyscale values, each "cell" 46 of the coarse 
grid 42 will have 2" pixels 48. To provide a more con- 
crete example, if 17 greyscale levels are provided from 
pure white to pure black, then 2 4 or 16 pixels of the high- 
resolution grid are in each cell of the coarse grid 42 
This means that the resolution of the high-resolution 
gnd 44 rs four times the resolution of the coarse grid 42 
As before, the font outline 50 for the letter "m" is 
obtained, and a bitmap 52 is developed at the resolution 
of the high-resolution grid from the font outline 50 by the 
renderer. ' 

In Fig. 2D. the bitmap map 52 has been converted 
•nto a greyscale "pixel map" values which can be sent to 
the output device. This is usually accomplished in a 
straightforward fashion. The number of pixels for a par- 
ticular cell are counted, and this number is mapped to 
the greyscale level for that cell. Therefore, cells having 
more pixels will correspond to a darker greyscale value 
than cells having fewer pixels This technique, referred 
to as "anti-aliasing-, greatly smooths the appearance of 
curves and reduces the jaggedness of diagonal lines 
as is well known to those skilled in the art. 

As used herein, a "pixel map" is much like a "bit- 
map-except that multiple values are stored in the mem- 
ory of the computer system 12 to corresponds to each 
pixel of tiie oulput device. For example, for each pixel on 
a greyscale or color video monitor, multiple numeric val- 
ues are stored on the computer to correspond to the 
multiple grayscales levels for each of the video monitor's 
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pixels. 

It will be noted, however, that the imbalanced stem 
problem has reoccureed in greyscale output devices as 
a result of the "anti-aliasing" process that was designed 
to make curves smoother and diagonal lines less jag- 
ged by adjusting the greyscale levels of selected pixels 
on the oulput display. More particularly, stem 54a 
appears to be two pixels wide, while stems 54b and 54c 
appear to be about one pixel wide. Again, this stem 
imbalance phenomenon is quite apparent in small char- 
acters and reduces the quality of the output image 

it should be noted that while this discussion has 
centered on vertical stems, that the problem is equally 
apparent with horizontal stems. For example, while the 
example of the tower case "m" was given, this stem 
imbalancing problem is also apparent on letters such as 
an upper case "E." Furthermore both vertical and hori- 
zontal -stems" or segments can be found in a single let- 
ter, such as the letter "o", which has two vertical side 
segments or stems, and two horizontal top and bottom 
segments or stems. 

Figs. 3A. 3B. and 3C are used to illustrate both ver- 
tical "stems" and horizontal "stems" on the same char- 
acter "a" In Fig. 3A. coarse grid 56 is shown with the 
font outline 58 of a character "o" and with its resultant 
bitmap 60. It should be remembered that while the tent 
outline 58 has been rendered as a high-resolution bit- 
map 60. the actual output device can only display at the 
resolution of the coarse grid 56. which is 1/4 the resolu- 
tion of the high-resolution bitmap of this example 

As seen in Fig. 3B. this is not much of a problem 
with respect to a black-and-white oulput device. With 
such a device, the high-resolution bitmap 60 of Fig 3A 
is converted into a coarse bitmap 62 which corresponds 
to the resolution of the output device. The coarse bit- 
map is aligned with the coarse grid such that the vertical 
stems 62a and 62b are of the same width, and such that 
the horizontal stems 64a and 64b are of the same width 
As noted above, and in accordance with industry con- 
vention, a "stem" can be a portion of a curved letter 
such as portions or segments of the letter "o." it should 
be further noted that the stems should be symmetrically 
balanced, and are not necessarily all of the same width 
For example, in the Helvetica 1 " font, the vertical stems 
62a and 62b are of a greater width than the horizontal 
stems 64a and 64b, in accordance with the design of 
the torn developer. -Helvetica" is a trademark of Lino- 
type AG and/or its subsidiaries. 

In Fig. 3C. when anti-aliasing has been used to 
smooth the appearance of the letter "o". stem imbalanc- 
ing is introduced. In particular, the horizontal stems 66a 
and 66b are quite different in width. In this particular 
example, the horizontal stems 68a and 68b are roughly 
balanced, although this is not always the case. It should 
also be noted that a portion of the greyscale pixel map 
70 is below the -baseline" 72 for the character. This also 

has a distorting effect and should be avoided if possible. 

Some attempt has been made by output device 
manufacturers to enhance the image provided to the 
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output device as a bitmap or a pixel map. For example 
certain Hewlett-Packard Company printers provide 
•mage enhancement" which attempts to smooth "jag- 
ged diagonal lines and to smooth curves. While gener- 
al* useful, such post-rendering image enhancement 5 
£™ ,Sm L are com P ,e,e, y successful because the 
^rmaton that was used to create the bitmap or pixel 
map <e.g the font outline) is not available to the output 
SUS P^^ering image enhancement 

eT SUCh 35 *™ >o 
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Disclosure of thfi '"y? nf?n 

The present invention provides a method for creat- is 
•^anti-aliased characters on a computer output device 
without creating stem-width distortions in the charac- 
ters. More particularly, the present invention balances 

MS WW,e m providi "9 «" «»• «e curve 
smoothing and anti-jagging advantages of anti-aliasing » 

More particularly, a method for creating anti-aliased 
characters on a computer output device includes the 
steps of generating a call from a client process tor a par- 

a a high-resolubon with a character rendering program 25 
angmngstems of the high-resolution bitmap *S 
acter with a coarse grid, creating an anti-aliased greys- 
cale pixel map from the coarse grid aligned high- 

ter on me output device based upon the pixel map 30 
me step of generating a call from the client process 

ELt^^S*" 80 of the JSSSZ 

be rendered, the size of the character, and the number 
of greyscales used to display the character. The step of 

tSZSfZt tTZ?** bitmap Zt 35 

Si^fl? ^aracter with the coarse grid ensures 
T^^ZZ^ - «* ^nceo 
A method for rendering a character in accordance 

■ng a dev.ce resolution and a number of greyscales to 
be > displayed by a digital output device. NextTccSse 
Si'a^JE? **** 3 of ce^ere^ 
£n a ^ ^L 53 " 16 reSOluton 38 the device resolu- 
rS. 31 WhCre eaCh ceU corresponds to a « 

™f ^ OUlPUt device - A "'^-resolution grid having 
olZ tF"? * alsod ^oped. where 1heNgh^2 

JL^T 0 !? 00 P,Xe ' 8 P8r Ce " ^ determined by 
SZT^ ^^'^ Next ' ^aracter infermatiS so 
a ^ ni " 9 f l * araCter to be rendered « developed 
and an initial bitmap of the character is developed from 

ZSS^TT" * the reso,u,ion 

aliaC ZFL Z?* * *** ^ap are 
brf^w C ° 8rse ond t0 create a high-resolution 55 
fiST?* ^equent processing. Of course, descnp- 
tion of the steps of developing the coarse grid and the 
Resolution grid are tor human perceptual purposes 
as such processes are unnecessary within the conpu- 



ter system, which operates internally on mathematical 
principals rather than visual principals. 

The step of aligning the stem edges is preferably 
drterrnined by a policy including at least a hard-edge 

HZ I? 3 T** 9 * "** ^ **> °* aligning £ 
™ C * *** * e hare, -ed9e policy includes 
£?J rOUnd,n9 the «*«ns to the closest mul- 
? hfj! 008,186 9rd ' and Centerin 9 «* °» the stems 
A . meth0d for the sterns^ 

a ^ dancewrtna wft-««9e policy includes the steps of 

. -f *° the c,osest of the 

^.-resolution grid, and then aligning the stem widths 
wrth the coarse grid. For both the hard-edge and soft- 
edge polioes. the final alignment is with the coarse grid 
so that the stem widths can be properly balanced 

outs ir?c!SL 5ySlem haV,n9 anti - alias ed greyscale out- 
SUJ ^ 8 C ° mputer ^tem having an output 

tem 2 8 L PrOC6SS eXeCUtin9 " the ^putersys- 
tem tor generating a call for a character to be rendered 
The chent process typically provides an identification of 

TndS I* 0 ? render8d> *" 8i2e <* the character 
iSf^TJlf 9reyscales us «d to display the char- 
SUE SyStem also ^"des a renderer to 
t^J^racter from a character outline to a hign- 

st^T^S 01 * le and ^ alignfng 

f ^f ^ representafo n of the character with 

3 f 0 * 86 gnd oorresponding to a device resolution of the 
outout device The client process creates an anti-ali- 
ased greyscale pixel map from the coarse grid aliened 

Kr?5 0n bitmap * *» character - «^^e coC 
Ir rTKi 8 dfep,8yS the ^acter on a serein, 
prints it on paper, etc.. based upon the pixel map 
A character renderer in accordance with the 

n^^JhTwH 0 Y 9enerati "9 3 high-resolution bit- 
™* " d-splaying an anti-aliased character on 

.rl^f d8 T e ' nC,Udes 8 9rid 9enerator . a oharacS 
lt°nT fS 1 de l e ' 0per - 8 brtma P 9en erator. and a stem 
aligner. The gnd generator generates a coarse grid hav- 
ing a matrix of cells where each cell is about the same 
resolution as an output device resolution, and further 
ffOSl " 8 hi9n - reso,u t ion 9«d having a matrix of high, 
resolution pixels. Again, the grid is more conceptual 
than physical in nature, and are used to describe the 
conceptual operation of the renderer. The bitmap gener- 

rJ£l° Der8teS ° n the Char8Cter Nation tocreate an 
ntaU high-resolution bitmap of the characters from the 

stems of the high-resolution bitmap with the coarse grid 

to create an aligned high-resolution bitmap 

♦^h^ ad L anta9S * * e prese "t invention is that the 
technique of anti-aliasing can be used to smooth curves 

!S Pt TJl ja99ed dia90nal lines without introducing 
certam d«tort,ons into the image of the character bein? 

aio D S;^ ,nVe ? 0n accom Pfish« this task by 
coa^e 9 ^ h ; 9h - fes 2 ut,on bitmap of the character wit* 
coarse gnd dunng the rendering process, i.e. while 
there is still sufficient character information available to 
tete care of problems such as imbalanced stem widths 
and quantization distortions. 
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These and other advantages of the present inven- 
tion will become apparent upon reading the following 
detailed descriptions and studying the various figures of 
the drawings. 

Brief Description of th* n^wmrjc 

Fig. 1 is a block diagram of typical prior art compu- 
ter system, which is also a suitable host for the 
method and apparatus of the present invention; 

Fig. 2A is a view of a prior-art high-resolution bit- 
map for the letter "m"; 



Fig. 2B is a view of a prior-art bitmap of the letter 15 
"m" that has been stretched and aligned with a 
coarse grid such that when it is displayed on a black 
and white output device it will appear to have bal- 
anced stem widths; 

20 

Fig. 2C illustrates the letter "m" rendered in a high- 
resolution bitmap; 

Fig. 2D illustrates the imbalanced stern widths that 
result in providing an anti-aliased version of the bit- 25 
map of Fig. 2C; 

Fig. 3A illustrates a high-resolution bitmap of the 
letter "o"; 

30 

Fig. 3B illustrates the conversion of the high-resolu- 
tion bitmap of Fig. 3A to a low-resolution bitmap for 
a black and white output device; 

Fig. 3C illustrates a pixel map for a greyscale output as 
device of the prior art that was derived from the bit- 
map of Fig. 3A; 

Fig. 4 is a flow-diagram of a method for creating 
anti-aliased characters with balanced stem widths 40 
in accordance with the present invention; 

Fig. 5 is an illustration of the "RECEIVE CALL 
FROM CLIENT" step of Fig. 4; 



Fig. 6 is a flow-diagram of the "ALIGN STEMS" step 
of Fig. 4; 



45 



Fig.7 illustrates the "ROUND STEM WIDTH TO 
COARSE GRID" and "CENTER STEM TO so 
COARSE GRID" steps of Fig. 6; 

Fig. 8 illustrates the "ROUND STEM WIDTH TO 
HIGH-RESOLUTION GRID" and "ALIGN 
LEFT/BOTTOM AND TOP/RIGHT TO COARSE ss 
GRID" steps of Fig. 6; 

Fig. 9A, 9B, 9C. and 9D are used to illustrate a first 
example of the method of the present invention; 



and 

Figs. 10A, 10B, 10C, and 10D are used to illustrate 
a second example of the method of the present 
invention. 

Best Modes fhr Parrying out fh* Im/onfrnn 

The present invention preferably includes proc- 
esses executing (tunning-) on a computer system such 
as the computer system 10 illustrated in Fig. i. How- 
ever, as will be well appreciated by those skilled in the 
art. the processes and apparatuses described herein 
can also be implemented by hardware or firmware 
equivalents. For example, many font rendering and 
other display processes are embedded in application 
specific integrated circuits (ASICs), as is well known to 
those skilled in the art. 

Figs 1 . 2a-2d, and 3a-3c were discussed relative to 
the prior art In Fig. 4. a process 74 in accordance with 
the present invention for creating a high-resolution bit- 
map to create anti-alias characters on a computer out- 
put device begins at 76 and, in a step 78. receives a call 
from a client with a character pointer, size, number of 
greyscales. and policy. As used herein, a "client" is an 
application program, utility, or other process that is 
requesting a high-resolution bitmap that can be further 
processed and displayed on an output device. For 
example, a client might be a word processing program 
Alternatively, the client might be part of a greater -Ten- 
derer." 

Next, in a step 80. the process aligns stems of the 
character based upon the policy dictated by the client 
and by the number of greyscales specified by the client. 
As will be discussed in greater detail later, this policy 
includes whether the character should be "hard-edged" 
or "soft-edged", which may sometimes be referred to as 
"hard" or "soft" policies, respectively. This policy can be 
selected dynamically by the renderer. the client, or can 
be predetermined by the creator of the render. 

Trie number of greyscales is typically either defined 
by the client or by the user of the corrputer system. For 
example, it is often possible to specify that an output is 
to be displayed in black-and-white (i.e. with two values 
only), at four greyscale shades, at sixteen greyscales 
shades, at 256 yeyscale shades, etc. 

After the stems of the character have been aligned, 
controls are set for resolution^iependent properties 
based on the number of greyscales in a step 82. For 
example, device dependent property adjustments, such 
as spot size (ratio of apparent pixel size to physical pixel 
size), can be handled in this step 82. as will be appreci- 
ated by those skilled in the art. Finally, a high-resolution 
bitmap is provided to the client in step 84. Typically the 
client takes care of the greyscale rendering of the high- 
resolution bitmap, although such greyscale rendering 
can also be accomplished within the rendering process 
itself as mentioned previously. The process is then com- 
plete as illustrated at 86. 
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h^m! ' S USed 10 i,,UStrate s,ep 78 * Fi 9- 4 in greater 
detail. More parfccularly. an enhanced font renderer 88 

M l?h e ! 5 n e ^ nVerrt0 . n feC6iveS 8 08,1 89 from a <*"« 
thpn^sl J^ 65 8 CharaCter a character size, 

the number of grayscales, and the policy. The rendere s 

retojrns a character program (to create the font outline of 
me character), font values, and font family values as 
•Hustrated at 93. The enhanced font rendered JnS 
passes a high-resolution bitmap as illustrated at 95 to ,„ 

6XPlained 8bove ' 106 c,ient 90 can be any appli- 
Pt^L^h " "^^mp.emenSd ,5 

D^JfT^ 6 * requestin 9 tnat « character be dis- 
played on the output device 94. The parsed font pro- 
gram ,s preferably a tont program such as 

orT^ ^ COmp ' ete description of the use and so 

clients such as client 90 make calls to r^ferars « 

^f^^ ^ randT * 

JS^J? ' howcl,ent 90 can produce a pixel map 
from the high-resolution bitmap for the output device SW 

^e^'^r ""J *• -ept S 30 
oram ^ prov,d .ng * th e character pro- 

gram, font values, and font family values 

n-. i" m 9 " 6> the 80 of Rfl - 4 is '""strated in greater 

are r^^L^ Properties 35 

are received from the parsed font program 92. Details of 

Next the stem. properties are transformed with the 
matrix to obtain device grid locations of the aeTedgS 
and stem widths in a step 102 ges 
a ■hi n r f !^ eP - 104 ' " * determined -tether the policy is *° 
SJj ^F" " 3 " SOft - ed 9 e " A bard-edge J 

hard policy B one wherein vertical and horizontal 

usT,n a :har^r feC ! y "** ^ ^£ZSt 
aresli^^ 96 P °" Cy ' "* *™» «« diagonals <s 
fn lf^!? 9 re ysca'e-type anti-aliasing techniques 

quant.zat.on effects noted earlier. Soft-edge Lfoe! 
appear to be smoother, but may seem "fu^ tctS 

stem w,dthto an integral coarse grid. By integral' H is 
meant an mtegra. multiple of a cel. width is JESn.lt 
0. 1. 2. 3. etc. multiples of the cell width. Next in a step 
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10* the stem is centered to the coarse grid and the 
process is completed at 1 1 0. 

if a soft policy is selected as detected by step 104 

fpJTJ 12 S" ld ! thS Stem to an ""egral high-' 
resolute* grid, and then a decision step n4 deter- 

ZESX^J? ^ iS 8 " 9host " The term 
22 h I" U !fl ,n 8 Simi,ar fashio " ^re to mean inte- 
gerrnutt, p( escrfthe high-resolution gridpixels. i.e. 0. 1 2 
3. Jte. multiples of the high-resolution grid pixels.' 
"la^r 8 J r !-f SCUSS8d in aforementioned 
SU* ■ 8re ™ have only one 

are "«< 3host stems, a step 1 16 deter- 

SE£TJT Mn * the 9rid - * fe a,i 9 ne d with the 
^ottom of the coarse grid based on this proximity. If 

i?^> f , mneS th8t rt * S doser to tn e top/righT of 
*e cell, rt .s ahgned to the tcp/right of the coarse gr« 
cell based on its proximity. 

*t«J f o S ! eP - 114 determines »« *he stem is a ghost 
2 Sm ' « de °T n 816,5 122 determines the type of ghost 
*emtf rt .s a left/bottom ghost stem, rt is ahgned w*nT 
^bottom of the coarse grid cel. based on this ghos^ 

top/nght of the coarse grd cell based on this ghost infor- 
St6P 12a Note •* «• adjustment i ™not 
ZZ^^T^ 85 in ^ 1 16. but rather direrted 

s^ 1? 8 ^ me - a ^ 

S and 126 ' the process is 

harrt'?^ 9 ? l an i,,ustration « made to help explain the 
hard policy steps 106 and 108 of Fig. 6 InTo 7 a 
coarse grid 128 will be assumed for the purposes * 
example to have cells 130 that are square and^i^ 
are four p,xels on each side. An 'Weal- sM1&t 
shown to be partialty within cel. 130a. Z EfpSZZ 

spot 132 is shown at 134. 

dev^eL^l" T,!?" 66 n0t6d ^ ^ some 
staH^! k 3nd Some designerKiependent deci- 
nCo ^^f 6 Fw « a «P«e.thedeasionasto 
how to align the ideal spot 132 with the coarse grid 128 

a^ZT^T* "P™ type of oufout o^Se usS 
and upon des.gner decisions. For example most first 
generation peraona, computer printers 
pnm engmes manufactured by Canon. Inc. of Japan 
VWth these first generation printers, a round oixeTi 
pnnted that completely covers the cel. oTjeC 

w 6 ^ *" h8S 8 dia ™er tnat'sIS: 
equal to a diagonal of the cell of the grid 

In recent years, a number of new types of orint 
engmes have been developed. For example a Sera? 
engine manufactured by Xerox. Inc. of United SfaTes 
IT™T< * ^ h8Vin9 four sid J Sc^lna 3 

£ ? 5i 6 609,86 9rid> " Wto four pixe,s Pro- 
SaraeSd 6n9 " 16 080 COver 3 7 c e"s of the 
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With the foregoing explanation in mind, a step 108 
of Fig. 6 will be discussed as if an output device can pro- 
duce a perfectly square pixel corresponding to the 
square cell 30 of the coarse grid 128. it being under- 
stood that this is only an approximation of the reality. As 5 
seen in Fig. 7, if the ideal spot 132 is less than 6 pixels 
("6-" pixels), it will be shrunk to four pixels in width and 
aligned with the cell 130a. However, if the spot 132 is 
greater than 6 pixels C6+- pixels), it will be increased to 
8 pixels in width and will be caused to fill both cells 130a w 
and 130b. In the first instance, the center of the spot 
132' is at 134' (i.e. the center of cell 138). and in the 
other instance the spot 132" has a center 134" which is 
at the interlace between cells 130a and 130b. In this 
way. the spot 132 is aligned to the coarse grid 128 such 15 
that the balance of stem weights is preserved. 

In Fig. 8, the soft-edge policy is illustrated. More 
particularly. Fig. 8 illustrates the steps 112 118 120 
124. and 126 of Fig. 6. As seen in Fig. 8. an ideal spot 

136 has a center 138 and is associated with a coarse 20 
gnd 140 and a high-resolution grid 142. As before, the 
high-resolution grid is shown in only one of the cells 144 
of the coarse grid 140 so as not to confuse the draw- 
mgs. although it will be appreciated that the high-resolu- 
tion grid 142 is associated with all the cells of the coarse 25 
grid 140. 

In accordance with the ■'soft-edge" policy, step 1 1 2 
first rounds the stem width to an integral high-resolution 
grid 142. In this instance, a side of a high-resolution grid 
pixel s 1/4 of a side of a cell 144. Therefore, the width of 30 
the stem 134 is rounded to the nearest 1/4 of a coarse 
gnd cell in a step 1 12. Next, it is determined which cells 
o the coarse grid 140 the rounded stem width is to be 
aligned with. This is the purpose of steps 114 116 and 
122^/Vhen the proper coarse grid cell is found! the as 
rounded stem is aligned accordingly. 

In this example, the spot 136 is somewhat centered 
within a cell 144a and 144b. If rt is determined that the 
rounded stem is to be aligned to the left cell, rt is moved 
as indicated to the position 136' such that rt completely <o 
fills the cell 1 44a and overlaps partially the cell 1 44b If 
on the other hand, it is to be aligned with the right cell » 
is moved so that it completely fills the cell 144b and par- 
tially overlaps with the cell 144a. 

By analogy, if the stem 1 36 is only partially overlap- 4s 
ping the cell in the vertical direction, it can be aligned to 
he top or bottom of the cell of the coarse grid in a simi- 
lar fashion. Furthermore, if it only partially overlaps a 
cell both in the vertical and horizontal direction, it can be 
caused to move to align with the cell of the coarse grid so 
both in the left/bottom and top/right directions. There- 
fore, both horizontal and vertical stems can be handled 
by the process and apparatus of the present invention 
rio ™ e jwegono descriptions and illustrations 
****** th l ba * c fXocess and apparatus of the ss 
present .nvention. As mentioned previously, the process 
of the present invention is preferably practiced on a gen- 

™ U ?° Se COmputer system to P™«e images on an 
outout devrce such as a video monitor, a video projec- 



tion system, or a continuous-tone printer. The process 
and apparatus of the present invention will be further 
discussed in terms of two illustrative examples. 

Example 1- Tha i, ^ Case I <> ftor w 

In Fig. 9a, the font outline 148 of the letter "m" is 
shown superimposed over a coarse grid 146 A high- 
resolution bitmap 150 is created from this font outline 
148. It will be noted that the high-resolution bitmap 150 
is aligned wrth a high-resolution grid 1 52. 

Fig. 9b illustrates the pixel map as created in 
accordance with the "soft-edge" policy of the present 
invention. The high-resolution bitmap 150 is first 
rounded with respect to high-resolution grid 1 52 and is 
then aligned with the coarse grid 146 as described 
above. Then the pixel, map 154 is created by this 
rounded and aligned bitmap to provide the appropriate 
greyscale data for the output device. As can be seen 
westerns 156a. 156b, and 156c are all of the same 
width and have about the same pixel density. This will 
provide an anti-aliased output, while still preserving 
stem width balance. 

The "hard-edge" policy will be described wrth refer- 
ence to Fig 9c. In this instance, the data as illustrated in 
fia 9a is "stretched" such that each of the stems 158a 
1 58b.and 1 58c have the width of a cell 1 60 of the coarse 
grid 148. This is in accordance with steps 106 and 108 
of Fig. 6. Next the "stretched" bitmap 160 of Fig 9c is 
converted to the greyscale pixel map 164 of Fig 9d 
Note, once again, that the stems 166a. 166b, and 166c 
of the pixel map 164 are of the same width and. sub- 
stantially of the same density. This allows the letter "m" 
to be anti-aliased while preserving rts stem weight bal- 
ance. 

Example 2 - The Lnwwra^ i aflar . g . 



in Fig. 10a. a "o" is superimposed over a coarse 
grid 168 and a high-resolution grid 170. More particu- 
larly, a font outline 1 72 is used to create a fine bitmap 
1 74 of the letter "o." ft should be noted that since the font 
being illustrated is from the "Helvetica" family, and that 
the top and bottom of the "o" are thinner than the two 
sides of the "o." 

Fig. 1 0b illustrates a pixel map 1 76 created from the 
bitmap 1 74 of Rg. 10a in accordance with the soft-edge 
policy. As described previously, the soft-edge policy first 
rounds the stems to the high-resolution grid 170 and 
then aligns the rounded stem wrth the coarse grid 168 
As noted in Fig. 10b. this results in a pixel map having a 
left stem 1 78a that is substantially equivalent to the right 
stem 178b while having a top stem 180a substantially 
equivalent to a bottom stem 180b. Therefore, this anti- 
aliased rendering of "o" has preserved the stem weight 
balance both in the horizontal and vertical directions in 
accordance with the present invention. 

In Fig. 10c. a stretched bitmap 182 is created from 
the bitmap 1 74 of Fig. 1 0a in accordance with the "hard- 
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edge" policy. As noted, the left and right stems 1 84a and 
184b have been stretched so that they fully fill the four 
cells of the stem, while the top stem 186a and the bot- 
tom stem 186b have been similarly stretched to fill the 
two top and the two bottom cells of the coarse grid 168 
This is in accordance with the rounding to the integral 
course grid and coarse grid aligning steps discussed 
previously. 

In Fig. lOd. the bitmap 1 82 has been converted into 
a grayscale pixel map 188 as described previously. It 
should noted that the left stem isoa and right stem 
190b are balanced, as are the top stem 192a and the 
bottom stem 192b. it should also be noted that the bot- 
tom 194 of tile character "o" does not go below the base 
line 1 96 of the coarse grid 1 68. 

While this invention has been described in terms of 
several preferred embodiments, there are alterations 
permutations, and equivalents which tall within the 
scope of this invention, ft should also be noted that 
there are may alternative ways of implementing both the 
process and apparatus of the present invention, and 
that certain concepts were introduced for the purpose of 
instruction and clarity. 

For example, as described previously, coarse and 
hjgh-resoiufon grids are preferably not actually "con- 
structed within the process but rather, are used herein 
to explain the concepts of the present invention. Also, as 
win be appreciated by those skilled in the art. the order 
of steps can often be changed, and certain steps have 
been simplified for the purpose of clarity. For example 
tne step of "rendering a high-resolution bitmap" is pref- 
S2 ,mplemented by ,irst dev etoping a high-resolution 
hintmap . providing adjustments to the hintmap. and 
then rendering the actual pixels of the high-resolution 
Ditmap. The "hintmap" is simply a high-resolution repre- 
sentation of the grid-fit alignment zones of the charac- 
ter, as will be appreciated by those skilled in the art 
Alternatively, the high-resolution bitmap rendering step 
can be the single step described above. 

It is therefore intended that the following appended 
claims be interpreted as including all such alterations 
permutations, and equivalents as (all within the true 
spirit and scope of the present invention 



ro 



is 



20 2. 



25 



30 



3S 



40 



stems of said character with a coarse grid cor- 
responding to a device resolution of an output 
device of said computer system, said step of 
aligning stems being based, at least, upon a 
high-resolution grid defined by said number of 
greyscales specified by said client process, 
and resulting in a high-resolution bitmap of said 
character corresponding to said high-resolution 
grid; 

creating an anti-aliased grayscale pixel map at 
said device resolution in said client process 
from said high-resolution bitmap of said char- 
acter; and 

creating an image of said character on said 
output device at said device resolution based 
upon said anti-aliased grayscale pixel map. 

A method for creating anti-aliased characters as 
recited in claim 1 wherein said step of rendering a 
character comprises: 

calling a parsed font program to retrieve a char- 
acter program, font values, and font family val- 
ues corresponding to said character to be 
rendered; 

executing said character program to determine 
the locations of stem edges of said character 
wrth respect to said coarse grid and to deter- 
mine the stem widths; and 

aligning said stem edges with said coarse grid. 

A method for creating anti-aliased characters as 
recrted in claim 2 wherein said client process is fur- 
ther operative to provide a policy including, at least 
a hard edge policy and a soft edge policy, and 
wherein step of aligning said stem edges is deter- 
mined by said policy provided by said client proc- 



Claims 

1. A method creating anti-aliased characters on a 
computer output device comprising the steps of: 

generating a call from a client process execut- 
ing on a computer system for a character to be 
rendered, said client process providing, as a 
minimum, an identification of the character to 
be rendered, the size of said character, and the 
™jmbeM3f greyscales to be used to display said 

rendering said character by retrieving a charac- 
ter program for said character and aligning 
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A method for creating anti-aliased characters as 
recited in claim 3 wherein said step of aligning said 
stems in accordance with a hard edge policy com- 
prises the steps of rounding said stem widths to the 
closest multiple of said coarse grid, and centering 
each of said stems to said coarse grid. 

A method for creating anti-aliased characters as 
recited in claim 3 wherein said step of aligning said 
stems in accordance with a soft-edge policy com- 
prises the steps of rounding said stem widths to the 
closest multiple of said high-resolution grid and 
aligning said stem widths with said coarse grid. 

A method for creating anti-aliased characters as 
recited in claim 5 wherein said step of aligning said 
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stems in accordance with a soft-edge policy is .fur- 
ther dependent upon at least one of proximity and 
ghost stem information. 

A method for creating anti -aliased characters as s 
recited in claim 6 wherein if a stem is a ghost stem, 
said step of aligning stem widths with said coarse 
grid comprises the steps of: 

for a left/ bottom ghost stem, aligning the left/ 10 
bottom of such stem to a left/bottom coarse 
grid edge; and 



for a right/ top ghost stem, aligning the right/ 
top of such stem to a right/bottom coarse grid 
edge. 
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A method for creating anti -aliased characters as 
recited in claim 6 wherein if a stem is not a ghost 
stem, said step of aligning stem widths with said 20 
coarse grid comprises the steps of: 

determining a proximity of said stem to be 
either a left/ bottom proximity, or a right/top 
proximity; 2S 

for a left/ bottom proximity, aligning the left/bot- 
tom of such stem to a left/bottom coarse grid 
edge; and 
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for a right/ top proximity, aligning the right/top of 
such stem to a right/bottom coarse grid edge. 

A method for rendering a character comprising the 
steps of: 35 

determining a device resolution and a number 
of greyscales to be displayed by a digital output 
device; 



determining a coarse grid having a matrix of 
cells, where each cell is about the same resolu- 
tion as said device resolution and therefore cor- 
responds to a device pixel of said output 
device: 

determining a high-resolution grid having a 
matrix of high-resolution pixels, said high-reso- 
lution grid being aligned with said coarse grid 
such that each cell of said coarse grid includes 
an integral number of high-resolution pixels, 
the number of high-resolution pixels per cell 
being determined by said number of greys- 
cales: 

developing character information concerning a 
character to be rendered; 
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said character information at said resolution of 
said high-resolution grid; and 

aligning stems of said initial bitmap with said 
coarse grid to create a high-resolution bitmap. 

10. A method for rendering a character as recited in 
claim 9 wherein said step of developing character 
information comprises: 

calling a parsed font program to retrieve a char- 
acter program, font values, and font family val- 
ues corresponding to said character to be 
rendered; and 

executing said character program to determine 
the locations of stem edges of said character 
with respect to said coarse grid and to deter- 
mine the stem widths. 

11. A method for creating anti-aliased characters as 
recited in daim 10 wherein said step of aligning 
said stem edges is determined by a policy including 
at least a hard-edge policy and a soft-edge policy. 

12. A method for creating anti-aliased characters as 
recited in claim 11 wherein said step of aligning 
said stems in accordance with a hard edge policy 
comprises the steps of rounding said stem widths 
to the closest multiple of said coarse grid, and 
centering each of said stems to said coarse grid. 

13. A method for creating anti-aliased characters as 
recited in claim 11 wherein said step of aligning 
said stems in accordance with a soft-edge policy 
comprises the steps of rounding said stem widths 
to the closest multiple of said high-resolution grid, 
and aligning said stem widths with said coarse grid. 

14. A method for creating anti-aliased characters as 
recited in claim 13 wherein said step of aligning 
said stems in accordance with a soft-edge policy is 
further dependent upon at least one of proximity 
and ghost stem information. 



15. A method for creating anti-aJiased characters as 
recited in claim 14 wherein if a stem is a ghost 
stem, said step of aligning stem widths with said 
coarse grid comprises the steps of: 

for a left/bottom ghost stem, aligning the left/ 
bottom of such stern to a left/bottom coarse 
grid edge; and 

for a right/ top ghost stem, aligning the right/ 
top of such stem to a right/bottom coarse grid 
edge. 



creating an initial bitmap of said character from 16. A method for creating anti-aliased characters as 
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recited in claim 14 wherein if a stem is not a ghost 
stem, said step of aligning stem widths with said 
coarse grid comprises the steps of: 

determining a proximity of said stem to be 5 
either a left/bottom proximity, or a right/top 
proximity; 



for a left/ bottom proximity, aligning the left/bot- 
tom of such stem to a left/bottom coarse grid 
edge; and 

for a right/ top proximity, aligning the right/top of 
such stem to a right/bottom coarse grid edge. 

17. A digital system having anti -aliased greyscale out- 
put comprising: 

a computer system including an output device; 
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client process means executing on said com- 
puter system for generating a call from a client 
process for a character to be rendered, said cli- 
ent process means providing, as a minimum 
an identification of the character to be ren- 25 
dered. the size of said character, and the 
number of greyscales to be used to display said 
character; 

means executing on said computer system for 30 
rendering said .character by retrieving a charac- 
ter program for said character and aligning 
stems of said character with a coarse grid cor- 
responding to a device resolution of said output 
device, said step of aligning stems being 35 
based, at least upon a high-resolution grid 
defined by said number of greyscales specified 
by said client process, and resulting in a high- 
resolution bitmap of said character correspond- 
ing to said high-resolution grid; 

creating an anti-aliased greyscale pixel map at 
said device resolution in said client process 
from said high-resolution bitmap of said char- 
acter; and ^ 

creating an image of said character on said 
output device at said device resolution based 
upon said anti-aliased greyscale pixel map. 



said computer system to determine the loca- 
tions of stem edges of said character with 
respect to said coarse grid and to determine 
the stem widths; and 

means for aligning said stem edges with said 
coarse grid. 

19. A digital system as recited in claim 18 wherein said 
client process means is further operative to provide 
a policy including, at least, a hard edge policy and a 
soft edge policy, and wherein step of aligning said 
stem edges is determined by said policy provided 
by said client process. 

20. A digital system as recited in claim 19 wherein said 
means for aligning said stems in accordance with a 
hard edge policy comprises means for rounding 
said stem widths to the closest multiple of said 
coarse grid, and means for centering each of said 
stems to said coarse grid. 

21. A digital system as recited in claim 19 wherein said 
means for aligning said stems in accordance with a 
soft-edge policy comprises means for rounding said 
stem widths to the closest integer multiple of said 
high-resolution grid, and means for aligning said 
stem widths with said coarse grid. 

22. A digital system as recited in claim 21 wherein said 
means for aligning said sterns in accordance with a 
soft-edge policy is dependent upon at least one of 
proximity and ghost stem information. 

23. A digital system as recited in claim 22 wherein if a 
stem is a ghost stem, said means for aligning stem 
widths with said coarse includes: 

means for aligning the left/bottom of such stem 
to a left/bottom coarse grid edge for a left/ bot- 
tom ghost stem; and 

means for aligning the right/ top of such stem to 
a right/bottom coarse grid edge for a right/ top 
ghost stem. 



18. A digital system as recited in claim 17 wherein said 
means for rendering a character comprises: 

means for calling a parsed font program to 
retrieve a character program, font values, and 
font family values corresponding to said char- 
acter to be rendered; 

means for executing said character program on 
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24. A digital system as recited in claim 22 wherein if a 
stem is not a ghost stem, said means for aligning 
stem widths with said coarse includes: 

means for determining a proximity of said stem 
to be either a left/bottom proximity, or a 
right/lop proximity; 

means for aligning the left/bottom of such stem 
to a left/ bottom coarse grid edge for a left/ bot- 
tom proximity; and 

means for aligning the right/ top of such stem to 
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a right/bottom coarse grid edge for a right/ top 
proximity. 
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said coarse grid. 
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25. A character Tenderer for generating a high-resolu- 
tion bitmap useful for displaying a character in grey- 
scale on an output device, said character Tenderer 
comprising: 

a grid generator for generating a coarse grid 
having a matrix of cells, where each cell is 
about the same resolution as an output device 
resolution, and for generating a high-resolution 
grid having a matrix of high-resolution pixels, 
said high-resolution grid being aligned with 
said coarse grid such that each cell of said 
coarse grid includes an integral number of 
high-resolution pixels, the number of high-reso- 
lution pixels per cell being determined by a 
number of greyscales associated with said out- 
put device; 

a character information developer for develop- 
ing character information concerning of a char- 
acter to be displayed on said output device; 

a bitmap generator that operates on said char- 
acter information to create an initial bitmap of 
said character from said character information 
at said resolution of said high-resolution grid- 
and ~ 

30 

a stem aligner that aligning stems of said initial 
bitmap with said coarse grid to create a high- 
resolution bitmap by utilizing said character 
information. 

A character renderer as recited in claim 25 wherein 
said character information developer includes a 
routine caller that calls a parsed font provider to 
retrieve a character program, font values, and font ao 
family values corresponding to said character to be 
rendered 
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30. A character renderer as recited in claim 29 wherein 
said stem aligner further operates in accordance 
with proximity and ghost stem information when 
operating in accordance with a soft-edge policy. 

31. A character renderer as recited in claim 30 wherein 
if a stem is a ghost stem, said stem aligner aligns 
the left/bottom of such stem to a left/bottom coarse 
grid edge for a left/bottom ghost stem, and aligns 
the right/top of such stem to a right/bottom coarse 
grid edge for a right/ top ghost stem. 

32. A character renderer as recited in claim 30 wherein 
if a stem is not a ghost stem, said stem aligner 
determines a proximity of said stem to be either a 
left/bottom proximity, or a right/top proximity, aligns 
the left/bottom of such stem to a left/ bottom coarse 
grid edge for a left/ bottom proximity, and aligns the 
right/ top of such stem to a righttoottom coarse grid 
edge for a right/ top proximity. 



27. A character renderer as recited in claim 26 wherein 
stem aligner is capable of operating with at least a 45 
hard-edge policy and a soft-edge policy. 

28. A character renderer as recited in claim 27 wherein 
when said stem aligner aligns said stems in accord- 
ance with a hard edge policy said stem aligner 
rounds said stem widths to the closest multiple of 
said coarse grid, and centers each of said stems to 
said coarse grid. 

29. A character renderer as recited in claim 27 when 
said stem aligner aligns said stem in accordance 
with a soft-edge policy said stem aligner rounds 
said stem widths to the closest multiple of said high- 
resolution grid, and aligns said stem widths with 
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